In this study, the wind energy potential of the Sinop region was analyzed statistically by using the Turkish State Meteorological Station's hourly wind speed data between the years of 2005-2014. The two-parameter Weibull and one-parameter Rayleigh probability distribution functions were used to determine the wind energy potential of the region. The probability distribution functions were derived from the cumulative function and used to calculate the mean wind speed and the variance of the actual data. The best way of representing the performance of the Weibull and Rayleigh distributions is to use the statistical parameters such as the correlation coefficient (R 2 ), chi-square (χ 2 ) and the root mean square error analysis (RMSE). The results of the study showed that Sinop has a mean wind speed of 3.36 m/s with a maximum value of 4.28 m/s in February of 2011, and a minimum value of 2.41 m/s in March of 2013, while the corresponding mean wind power density is approximately 33.31 W/m 2 for the whole year. In general, it was determined the wind speed is higher during some winter and spring months, notably February and March, and is lower during the autumn months. The Weibull distribution function was found to be more appropriate than the Rayleigh distribution function.
INTRODUCTION
Renewable energy technologies play a strategic role in achieving the goals of sustainable economical development and environmental protection. Wind energy is one of the most important energy sources used widely as an alternative source [1] .
In wind energy studies, statistical properties of the wind speed provides remarkable information to researchers and designers for predicting the output energy of a wind energy conversion system. Wind speed at a site varies randomly and its variation in a certain region over a period of time can be represented by different probability distribution functions (PDFs). Two-parameter Weibull distribution is the most commonly used and accepted distribution as it is found to be a fairly accurate PDF for most of the wind regimes found in nature and also it is simple to use. However, it is not suitable for certain wind regimes, such as those having high frequencies of null winds and for short time horizons. Another distribution Rayleigh PDF has also been used in many applications, owing to its simplicity and ability of describing wind speed with sufficient accuracy when little detail is available about the wind characteristics of a site [2] .
Statistical distributions have been analyzed in the literature for examining differences between the results for day and night, between various seasons, and for monthly and yearly data. The suitability of these distribution functions for a particular application depends upon a number of factors such as the type of wind regime, availability of data, and recording intervals Moreover, a number of methods for estimating the parameters of these distributions and model evaluation criteria are given in the literature [2] [3] [4] [5] . In recent years, many studies have been conducted to evaluate wind energy potential in different regions of Turkey by using various probability distribution functions and the results have shown that the Weibull and Rayleigh distributions can describe wind speed probability distribution well [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Ulgen and Hepbasli [6] determined the Weibull density distribution function to be able to predict the energy output of wind energy systems for Izmir-Turkey. Celik [7] analyzed the acceptability of the Weibull and Rayleigh distributions for modeling local wind profiles based on 1-year measured hourly time-series wind speed data in the Iskenderun region of Hatay in Turkey. Karsli and Gecit [8] investigated the wind power potential of Nurdagı-Gaziantep in the southern of Turkey. Kose et al. [9] evaluated the wind energy potential in Kutahya-Turkey according to wind data from a wind observation station established at the Dumlupinar University Campus. Akpinar and Akpinar [10] [11] carried out studies using Weibull density function to demonstrate wind energy potential of Maden-Elazıg [10] and Agın-Elazığ [11] in eastern of Turkey. Genc et al. [12] estimated wind power potential in Aksehir-Turkey using the Weibull wind speed distribution function. Akpinar [13] investigated wind energy potential with respect to wind speed data from four stations, which are located in Elazig and its close regions. In their study, wind data were fitted to the Weibull and Rayleigh probability distribution functions and compared with each other. Gokcek et al. [14] investigated wind power potential in Kırklareli-Turkey using Weibull and Rayleigh functions for the year 2004. Yılmaz and Celik [15] determined appropriate theoretical pdf distribution by comparing 10 pdf distributions (Beta, Erlang, Exponential, Gamma, Log-Logistic, Lognormal, Pearson V, Pearson VI, Uniform and Weibull) for the wind speed data measured in Gelibolu region. At the end of the comparison, Weibull was determined to be the best distribution representing wind data. Akdag and Güler [16] analyzed wind energy potential of Çanakkale region using Weibull distribution and real time series analysis, making use of hourly average wind data of the Turkish State Meteorological Service (TSMS) measured in 10 m height between 2001 and 2006. Bilgili and Sahin [17] investigated wind energy density in the southern and southwestern region of Turkey by using the Weibull and Rayleigh probability density functions. Mert and Karakus [18] determined the wind energy potential in Antakya through the use of a variety of statistical distributions, including the Burr, generalized gamma, and Weibull distributions. Dokur and Kurban [19] modelled wind energy potential based on two parameter Weibull distribution statistically for Bilecik, city in Turkey, by using the Turkish State Meteorological Service's hourly wind speed data between 2010 and 2014 measured. Kaplan and Aladag [20] analyzed statistically the wind energy potential in Hatay based on the data regarding the wind speed measured hourly between 2009 and 2013. Yanıktepe et al. [21] studied the wind energy potential of Osmaniye-Turkey using the Weibull and the Rayleigh models.
Wind data analysis and accurate wind energy potential assessment is critical for proper and efficient development of wind power application and is highly site-dependent. As a result, knowledge of the statistical properties of wind speed is essential for predicting the energy output of wind energy conversion system (WECS). Turkey has important wind energy potential especially in the coasts of western, southern and northern. The aim of this study is to investigate the wind energy potential of the Sinop province on Turkey's northern coast by using the wind data recorded at the Sinop Meteorological Station. An investigation of wind energy potential as a result of the distribution of wind speed in the Sinop province will draw attention to future wind energy projects.
THEORY

Wind speed data
The wind data used in this study were measured and recorded hourly at the Sinop station of the Turkish State Meteorological Service at 10 m above ground level between 2005 and 2014. The Sinop station (North Turkey), located in Mediterranean region (Figure 1 ) [22] , is located at 42º 01´ N -35º 11´ E, and its elevation is 32 m above sea level. The wind data were captured using a cup generator anemometer.
Theory of wind speed and wind power
The two-parameter Weibull distribution is the most widely used distribution in wind power applications. It is a versatile PDF, is simple to use, and is found to be accurate for most of the wind regimes encountered in nature. Rayleigh distribution is a special case of Weibull distribution in which the shape parameter is taken as k = 2. This function has also been used by many researchers due to its simplicity as there is only one parameter to be evaluated and is useful when not much information about the site is available [2] . The Weibull distribution function that is a special case of generalized gamma distribution for wind speed is expressed with Eq. (1).
where () w fv is the probability of observing wind speed v, k the dimensionless Weibull shape parameter (or factor) and c the Weibull scale parameter, which has its reference value in the units of wind speed [6, [10] [11] [12] [13] [14] .
The cumulative probability function of the Weibull distribution is calculated as below [6, [10] [11] [12] [13] [14] :
Determination of the parameters of the Weibull distribution requires a good fit of Eq. (4) to the recorded discrete cumulative frequency distribution. Taking the natural logarithm of both sides of Eq. (4) twice, gives
Figure1. Location of Sinop on Turkey map [22]
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So, a plot of ln-ln [1-F(v) ] versus ln presents a straight line. The gradient of the line is k and the intercept with the y-axis is -kln c [6, [10] [11] .
The k values range from 1.5 to 3.0 for most wind conditions. Another distribution function used in determination of the wind speed potential is Rayleigh distribution. This distribution is a special case of Weibull distribution and validate situation where the dimensionless shape parameter k of the Weibull distribution is assumed to be equal to 2. Probability density and cumulative function of the Rayleigh distribution are given by Eqs. (6) and (7), respectively [10- 
The mean value of wind speed and its standard deviation may be computed using Eqs. (8) and (9), respectively,
where ()  is the gamma function [10] [11] [12] .
Based on the Weibull distribution, the wind speed with the largest frequency is calculated from Eq. (10) [12] :
The maximum wind speed can be determined by [12, 15] :
When k=2 is taken in the above formulas, calculations are performed for Rayleigh distribution.
Calculations of wind power
The wind power per unit area in any windy site is of importance in assessing of the wind power projection for the power plants. The mean wind power density of the considered site per unit area based on any probability density function can be expressed as [16] :
It is well known that the power of the wind that flows at speed v through a blade sweep area A increases as the cubic of its velocity and is given by,
Where  is the air density for Sinop. The mean power density for the Weibull distribution is obtained from Eq. (14) as follows [7] 
The mean power density for the Rayleigh distribution is determined by Eq. (15) [7] :
Statistical analysis of distributions
Modeling efficiency (R 2 ), chi-square ( 2 x ) and root mean square error analysis (RMSE) and were used as the primary criterion to select the best distribution to account for the variation in the wind speed curves. Chi-square is the mean square of the deviations between the experimental and calculated values for the distributions and was used to determine the goodness of the fit. The lower are the values of chi-square, the better is the goodness of the fit. The RMSE gives the deviation between the predicted and experimental values, and it is required to approach zero. The R 2 also gives the ability of the model, and its highest value is 1. These statistical values can be calculated as follows:
where yi is the ith experimental data, zi is the mean value of the experimental data, xi is the ith predicted data with the Weibull or Rayleigh distribution, N is the number of observations and n is the number of constants [10, 11,-13] .
RESULTS AND DISCUSSION
The measured hourly wind data between the years of 2004-2015 have been used to evaluate the wind energy potential of the Sinop province. The calculations were made to obtain the Weibull and Rayleigh distribution parameters, the mean power density and the mean wind speed. The main results obtained from the present study can be summarized as follows:
The monthly mean wind speed variations in Sinop are illustrated in Figure 2 . It is also clear from Figure In Figure 3 , the diurnal variation of the mean wind speed is plotted. According to the yearly average results, the lowest wind speed was 2.15 m/s between the hours of 05:00 and 06:00 in 2006, and the highest wind speed was 3.89 m/s between the hours of 13:00 and 14:00 in 2007. There is a similar trend in the mean wind speed of different daily hours during different years. The diurnal wind speed has its minimum between the hours of 0:00 and 18:00 and its maximum between the hours of 6:00 and 16:00. Figure 3 clearly shows that daily variations in wind speed from morning to midnight in Sinop follows a parabolic curve, where the maximum point occurs in the afternoon. In most locations around the world, the wind is more turbulent and conditions become windier during the daytime relative to the night time, mostly due to temperature differences. Therefore, the aforementioned situation is advantageous because the wind energy is mostly produced during the daytime, since the most electricity consumption is at night time. The wind speed data in time-series format is usually arranged in the frequency distribution format since it is more convenient for statistical analysis. Therefore, the available time-series data were arranged as frequency distribution format for the period of 2005-2014 in Table 1 . The wind speed is grouped into classes in the second column of Table 1 . The mean wind speeds are calculated for each speed class intervals in the third column using the arithmetic mean. The fourth column shows the frequency of occurrence of each speed class. The probability density distributions calculated from the actual, Weibull and Rayleigh functions are presented in the fifth, sixth and seventh columns, respectively. It can be seen from Table 1 that the maximum probability density values are in the range of 1-2 and 2-3 m/s.
The yearly probability density and the cumulative distributions derived from the time-series data from Sinop are presented in Figures 4 and 5 , respectively. The yearly probability density and the cumulative distributions are illustrated in Figure 6 for all the investigated years. All the curves show a similar trend for wind speeds' probability and cumulative distribution.
The monthly mean wind speed values and the standard deviations were calculated from Eqs. (1) and (2) using measured data. The monthly mean wind speed values (vm) and standard deviations (σ) are given in Table 2 Yearly wind speed probability density distributions, derived from the measured. hourly time series Figure 5 . Yearly wind speed cumulative probability distributions, derived from the measured hourly time series Figure 6 . The wind speed probability density and cumulative probability distributions for whole years, derived from the measured hourly time-series Table 3 shows the yearly values of the two Weibull parameters, the scale parameter c (m/s) and the shape parameter k (dimensionless), calculated from the long term wind data for Sinop. In addition, Table 3 shows monthly values of k and c. The values of c and k were determined using the method described in Theory section. It is clear that the parameter k has a much smaller, temporal variation than the parameter c. The k value is between 1.09 (in The Weibull and Rayleigh approximations of the actual probability distribution of wind speeds are shown in Fig. 7 , while a comparison of the two approximations is given in Table 4 . In Fig. 7 , the probability distribution of the actual data, the Weibull probability distribution, and the Rayleigh probability distribution are plotted versus the wind speed according to the average of ten years data. The probability ratio of the Weibull distribution is higher than the Rayleigh distribution. It can be seen from Fig. 7 that the Weibull distribution fit to the actual distribution data is closer than the Rayleigh distribution. 
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The Weibull distribution parameters and the Rayleigh distribution parameters are given in Table 5 and Table  6 The variation of mean wind speed with Weibull power density and Rayleigh power density are shown in Fig. 9 and in Fig. 10 with respect to the investigated years, respectively. The mean wind velocity was determined to be 2.95 m/s for the Weibull distribution and 3.05 m/s for the Rayleigh distribution. In the Weibull distribution, the highest power density was 39. 
CONCLUSION
In this study, the wind power density and wind speed distribution parameters of Sinop were statistically analyzed during the years of 2005-2014. Two probability density functions were fitted to the measured probability distributions on a yearly and monthly basis. Performances of the probability models were compared to the measured monthly and yearly wind speed values. Weibull and Rayleigh distributions were used for modeling and the success of this modeling process was evaluated according to R 2 , RMSE and  2 parameters. The results can be summarized as follows:
 The mean wind speed was found as 3.36 m/s for all years between 2004 and 2015.  The mean power densities were calculated as 33.31 and 33.44 W/m 2 , respectively, for Weibull and Rayleigh distribution for the whole year.  The Weibull model is generally better in fitting the measured yearly probability density distributions than the Rayleigh model, to the statistical criteria such as R 2 , RMSE and  2 . Therefore, it was concluded that it would be more appropriate to use the Weibull distribution for the analysis of Sinop's wind data.
 The values of the shape parameter (k) and scale parameter (c) at Sinop were examined. The yearly mean values of k and c for thevWeibull distribution were determined to be 2.02 and 3.44 m/s over the 10 year period of 2005-2014. The yearly mean c value for the Rayleigh distribution was found to be 3.45 m/s. The Weibull shape parameter follows very closer to the Raleigh function, k=2, for Sinop which means that the characteristics for the wind wave are regular and uniform.  As a result, monthly average power and annual average power densities in Sinop are as small as 100 W/m 2 . Therefore, it is not possible to support the network directly by wind energy systems; however it can be used in applications where there is no network access or in rural areas where low-power density is required. It has been decided that electricity generation from wind energy is suitable because the average speed on a daily and monthly basis usually is 3 m/s.
